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CARRIER MATERIAL FOR DRY POWDER INHALATION 

The present invention relates to a carrier 
material for use in dry powder inhalation formulations, 
5 to the process for manufacture of these carrier materials 
and to dry powder inhalation formulations using the 
carrier materials. 

Dry powder inhalers have been in existence 
since the late 1960's. Interest in this technique for 

10 delivering pharmacological active components to the lungs 
was initially limited due to the popularity of 
pressurized metered dose inhalers (pMDI's). However, 
since the decision to eliminate CFC's from pMDI's due to 
environmental issues, dry powder inhalers are becoming 

15 more popular. 

Traditionally, formulations for dry powder 
inhalation comprise a pharmacologically active component 
and an inert carrier material, being in most cases 
a-lactose monohydrate crystals. The active component is 

20 usually micronised with a particle size less than 5 /zm, 
to enable deposition in the lower levels of the lungs. 
The purpose of the inert carrier is to aid flow and to 
prevent the formation of agglomerates of the active 
component which agglomerates can not be dispersed, thus 

25 preventing deposition at the site of action. 

It was however found that over time a-lactose 
does not have an optimal flow, which may lead to 
problems, such as clogging, in the inhaler. In addition, 
it was found that a-lactose monohydrate does not always 

30 lead to a 100% drug delivery. Ideally, upon inhalation of 
a dry powder inhalation formulation, the carrier hits the 
throat, after which the drug, which is in loose 
association with the carrier, detaches therefrom and is 
transported to the lungs where it has its effect. In case 

35 the drug does not end up in the right location, i.e. the 
lung, there may arise problems for the patient. 

Due to the increased interest in dry powder 
inhalation formulations, other concepts have been 

CONFIRMATION COPY 
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investigated include the use of anhydrous B-lactose as a 
carrier or agglomerates of the active component without 
carrier. These concepts have not led to satisfactory 
results either. 
5 It is therefore the object of the present 

invention to provide an improved carrier material for dry 
powder inhalation formulations. 

In the research that led to the present 
invention it was found that spray-dried carrier material 

10 consists of spherical particles, which show excellent 
flow characteristics, but that spray dried products may 
contain amorphous material which can undergo 
crystallisation in the presence of moisture. When this 
crystallisation occurs in the presence of the active 

15 ingredient, such as a drug, it may become bound and will 
not detach upon inhalation. The presence of amorphous 
material can therefore potentially affect stability and 
performance of the inhalation formulation, if moisture 
uptake occurs within the dry powder- inhaler. It was found 

20 that in order to improve the functionality of spray dried 
products in dry powder inhalation formulations a 
crystallisation step should be incorporated into the 
manufacture of the carrier material. The purpose of the 
crystallisation step is to remove substantially all, and 

25 preferably all the amorphous material present. 

The present invention thus relates to a carrier 
material, comprising carrier particles that are spherical 
in nature and contain substantially no or no amorphous 
material . 

30 Such carrier material is for example obtainable 

by a method comprising the steps of: 

a) providing a carrier base material consisting 
of spherical carrier particles; and 

b) crystallising the carrier base material in 
35 order to remove amorphous material present in the 

particles to obtain the carrier material. 

The provision of the spherical carrier base 
material can be achieved by spray drying a starting 
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material to obtain a powder that consists of 
substantially spherical particles of the carrier material 
that still contain amorphous material. A suitable method 
for obtaining such carrier base material is described in 
5 EP-239 172, which is incorporated herein by reference. In 
summary, the method described therein comprises feeding a 
slurry of crystalline a-lactose hydrate in a saturated 
lactose solution to a spray drier and drying the same, 
wherein the selection of the ratio between the amounts of 

10 crystalline material and dissolved lactose in the slurry 
determines the ratio between the amounts of crystalline 
and amorphous lactose in the spray dried product. The 
person skilled in the art of spray drying can modify the 
process conditions to obtain a suitable spray dried 

15 product based on his common general knowledge of spray 
drying. 

The present invention thus provides a spray 
dried product with substantially no or no amorphous 
material, by virtue of which it has excellent flow 

20 properties and is stable with regard to air moisture. 

Preferred carrier materials are those known to 
be useful for dry powder inhalation formulations. In 
particular these are monosaccharides such as glucose, 
fructose , mannose etc. and the polyols derived therefrom 

25 like sorbitol, mannitol etc. , disaccharides such as 
lactose, maltose, sucrose and their derivatives such as 
lactitol, maltitol, and oligo- and polysaccharides such 
as dextrins and starches. 

The carrier base material for the spray drying 

30 process can be one of the above mentioned materials or 
combinations of these. Preferably, the carrier base 
material is a crystalline carrier base material, in 
particular a crystalline sugar such as glucose, fructose, 
sucrose or mannitol and most preferably the carrier base 

35 material is lactose. 

The amorphous content of the spray dried 
product (base powder) is generally within the range 0.5% 
to 50%. The amorphous material present in the spray dried 
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powder particles can then be crystallised by any suitable 
method. A particularly preferred method yielding good 
results is the use of a fluid bed dryer using suitable 
conditions with regard to temperature and relative 
5 humidity which allow the amorphous material to 
crystallise. Suitable temperature conditions are a 
temperature of 20 to 100°C, preferably 30 to 90°C, more 
preferably 40 to 80 °C, even more preferably 50 to 70 °C, 
most preferably 60 °C in combination with a suitable 
10 relative humidity of 80% to 10%, preferably 70 to 15%, 
more preferably 60 to 20%, even more preferably 50 to 
25%, further more preferably 40 to 30%, most preferably 
35%. 

The carrier material of the invention produced 

15 for the purpose of dry powder inhalation has a particle 
size typically between 1 iim and 400 jtim. Preferably, the 
particle size is between 40 jum and 300 /xm. Typically, at 
least 9 0% of the particles are within this latter range. 

The present invention furthermore relates to a 

20 dry powder inhalation formulation which contains a 
carrier material of the invention and at least one 
pharmacologically active component. The active component 
may be selected from the group consisting of steroids, 
sympathomimetics, mucolytics, proteins, peptides, sodium 

25 cromoglycate or from the group consisting of hypnotics, 
sedatives, analgesics, ani-inf lammatory agents, 
anti-histamines, anticonvulscents, muscle relaxants, 
anti-spasmodics , ant i-bacterials , antibiotics , 
cardiovascular agents and hypoglycaemic agents. 

30 Preferably the active component is budesonide 

or alternatively sodium cromoglycate. 

The performance of carrier material of the 
present invention is demonstrated in the following 
examples that are given for illustration purposes only. 
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EXAMPLES 
EXAMPLE 1 

Comparison to a-lactose monohydrate 

a-Lactose monohydrate is commonly used in dry 
5 powder inhalation formulations. It has generally a good 
performance, but over time the problems described in the 
specification, i.e. crystallisation upon contact with air 
humidity and thus decreased stability and performance, 
may occur. 

10 To demonstrate the performance of the invention 

in comparison to a-lactose monohydrate (standard crystal 
form of lactose) , non-pretreated a-lactose monohydrate 
and a selected size fraction of the carrier material of 
the invention were used in an inhalation formulation. As 

15 a second control standard spray dried lactose was used. 

A suspension of a fine milled a-lactose 
monohydrate powder in an aqueous lactose solution was 
spray dried, resulting in a spray dried powder with 
approximately 20% amorphous lactose. This represents the 

2 0 standard spray dried lactose. 

To prepare the carrier material of the 
invention, the amorphous lactose in the spray dried 
powder obtained above was then crystallised by a 
treatment in a fluid bed dryer at a temperature of 60 °C 

25 and a relative humidity of 35 % to obtain a powder having 
90% of the particles in the particle size range from 40- 
300 /*m. 

a-Lactose monohydrate was obtained from DMV 
International, Veghel, the Netherlands. 
30 Budesonide was used as the active component, 

with an active ingredient to carrier ratio of 1:62.5, The 
formulations were prepared using a tumble mixer. The 
budesonide concentrations were determined by UV 
spectroscopy. 

35 The performance of the formulations was 

assessed in vitro using the multi-stage liquid impinger, 
with the method described in the USP24. The device used 
was a multidose inhaler, utilising a reservoir system. 
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The results obtained are shown in table 1 as a percentage 
(%) of the nominal dose. The fraction "Stage 3 + 4 + 
filter" is considered as the fraction reaching the lungs. 



5 Table 1 





% deposition of budesonide 


-lactose 
monohydrate 


carrier of the 
invention 


standard spray 
dried lactose 


inhaler 


19.2 


7.6 


9.1 


throat 


14.4 


26.0 


33.5 


stage 1 


34.2 


37.0 


44.1 


stage 2 


3.1 


35 


3.7 


stage 3+4+filter 


30.7 


29.6 


15.0 


total recovered 


101.6 


104.7 


, 105.4 



EXAMPLE 2 

Comparison between carrier material of the invention and 
standard spray dried material 

Analogous to the method described in Example 1, 
20 two inhalation preparations of sodium cromoglycate using 
carrier material of the invention and standard spray 
dried material were prepared and tested. Table 2 shows 
the results. 

25 Table 2 





% deposition of cromoglycate 


carrier of the 
invention 


standard spray dried 
material 


inhaler 


6.1 


4.2 


throat 


26.0 


21.0 
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St3gC 1 


39.9 


505 


stage 2 


7.5 


8.9 


stage 3+4+filter 


17.1 


13.6 


total recovered 


96.4 


98.3 



5 



EXAMPLE 3 

Comparison between carrier material of the invention and 
standard spray dried material 

10 Two inhalation preparations of budesonide were 

prepared using carrier material of the invention and 
standard spray dried material, wherein the carrier 
material of the invention was prepared at varying spray 
drying conditions. The preparation and testing of these 

15 formulations was as described in Example 1. The 

deposition values given in Table 3 are the average of two 
determinations . 



Table 3 





% deposition of budesonide 


40°C/55%RH 


60°C/35%RH 


74°C/22%RH 


standard spray 
dried lactose 


inhaler 


8.4 


7.6 


8.8 


9.1 


throat 


23.8 


26.0 


27.6 


33.5 


stage 1 


38.4 


37.0 


37.2 


44.1 


stage 2 


3.7 


35 


3.8 


3.7 


stage 3+4+filter 


28.8 


29.6 


20.9 


15.0 


total recovered 


103.1 


104.7 


983 


105.4 
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CLAIMS 



1. Carrier material for use in dry powder 
inhalation formulations, comprising carrier particles 

5 that are spherical in nature and contain no amorphous 
material . 

2. Method for the preparation of a carrier 
material for use in dry powder inhalation formulations, 
comprising the steps of: 

10 a) providing a carrier base material consisting v 

of spherical carrier particles; and 

b) crystallising the carrier base material in 
order to remove amorphous material present in the 
particles to obtain the carrier material. 

15 3. Method as claimed in claim 2, wherein the 

provision of the spherical carrier base material is 
achieved by spray drying a starting material under 
conditions that lead to a powder that consists of 
substantially spherical particles of the carrier material 

20 that still contain amorphous material. 

4. Method as claimed in claim 2 and 3, wherein 
the spherical carrier base material is produced by 
feeding a slurry of crystalline a-lactose hydrate in a 
saturated lactose solution to a spray drier and drying 

25 the same. 

5. Method as claimed in claims 2-4, wherein 
step b) is performed at a temperature between 20 and 
100 °C, preferably between 30 and 90 °C, more preferably 
between 40 and 80 °C, even more preferably between 50 and 

30 70 °C, most preferably at 60 °C in combination with a 
relative humidity of 80% to 10%, preferably 70 to 15%, 
more preferably 60 to 20%, even more preferably 50 to 
25%, further more preferably 40 to 30%, most preferably 
35%. 

35 6. Method according to claims 1-5, wherein the 

carrier material is produced of a monosaccharide, in 
particular glucose, fructose, mannose, or of the polyols 
derived therefrom, in particular sorbitol, mannitol. 
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7. Method according to claims 1-5, wherein the 
carrier material is produced of a disaccharide, in 
particular lactose, maltose, sucrose, or their polyols, 
in particular lactitol, mannitol. 
5 8. Method according to claims 1-5, wherein the 

carrier material is produced of oligosaccharides or 
polysaccharides, in particular dextrins and starches. 

9. Method according to claims 1-7, where the 
material is produced of a crystalline sugar, in 

10 particular glucose, fructose, mannitol, or sucrose. 

10. Method according to claims 1-7, wherein the 
material is produced of lactose. 

11. Carrier material for use in dry powder 
inhalation formulations obtainable by a method as claimed 

15 in claims 2-10. 

12. A carrier material according to claim 11, 
wherein the particle size of the material is between 1 /*m 
and 400 /no. 

13 . A carrier material according to claim 12 , 
20 wherein the particle size of the material is between 40 

/zm and 300 jinn. 

14. A dry powder inhalation formulation which 
contains a carrier material according to claims 1 or Il- 
ls and at least one pharmacologically active component. 

25 15. A dry powder inhalation formulation 

according to claim 14, in which the active component is 
selected from the group consisting of steroids, 
sympathomimetics, mucolytics, proteins, peptides, sodium 
cromoglycate . 

30 16. A dry powder inhalation formulation 

according to claim 14, in which the active component is 
selected from the group consisting of hypnotics, 
sedatives, analgesics, ani-inf lammatory agents, 
anti-histamines, anticonvulscents, muscle relaxants, 

35 anti-spasmodics, anti-bacterials, antibiotics, 
cardiovascular agents and hypoglycaemic agents. 
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17. A dry powder inhalation formulation 
according to claim 14, wherein the active component is 
budesonide . 

18. A dry powder inhalation formulation 

5 according to claim 14, wherein the active component is 
sodium cromoglycate . 
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